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i 
摘  要 
欠采样磁共振成像方法通过减少采集数据量来加速成像，并利用图像重建方
法得到完整的磁共振图像。这类方法在抑制心脏和腹部等成像运动伪影上具有良
好的应用前景，其中利用图像稀疏性的压缩感知方法是磁共振成像的研究热点之
一。在图像稀疏重建中，图像稀疏表示的前向逼近误差是图像重建反问题中的重
建误差的上限。因此，如何设计稀疏变换来降低图像表示误差进而提高重建图像
质量有着重要意义。诸如小波变换只能普适地表示各种图像，而对某一特定重建
目标图像的稀疏表示能力有限。因此，近几年学者重点关注图像的自适应稀疏表
示，并发现自适应稀疏变换重建的图像质量明显优于典型的非自适应稀疏变换。
但是，诸如 K-SVD 等自适应训练图像表示的方法需要消耗大量的计算时间。如
何快速训练图像稀疏表示以降低图像重建尤其是磁共振图像误差是本文研究重
点。 
本文首先提出一种快速的自适应图像稀疏表示的正交字典训练方法。为提高
图像的稀疏表示能力，将相同几何方向的图像块分类，然后在类内训练对应的自
适应稀疏表示字典，最后将这种字典训练方法应用到磁共振图像稀疏重建中。脑
部磁共振图像的重建实验表明，所提方法与 2016 年前最新方法相比可以更好地
抑制图像伪影和保留边缘细节。同时，所提的字典训练方法和重建算法的运算时
间远小于典型的 K-SVD 字典训练方法。因此，所提方法重建图像质量高且运算
高效，有望成为压缩感知磁共振成像技术中一种较好的方案。此外，还把所提字
典训练方法拓展到光学图像的椒盐噪声滤除上，实验结果表明该方法在滤除噪声
和保留图像细节信息上优于用自适应中值滤波和小波变换噪声滤除方法。 
 
关键词：压缩感知；字典训练；磁共振成像；椒盐噪声 
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Fast Multiclass Dictionaries Learning with Geometrical Directions in 
Sparse Image Reconstruction 
 
ABSTRACT 
Compressed sensing magnetic resonance imaging has shown great capability to 
accelerate data acquisition by exploiting sparsity of images under a certain transform 
or dictionary. Sparser representations usually lead to lower reconstruction errors, thus 
enduring efforts have been made to find dictionaries that provide sparser representation 
of magnetic resonance images. Previously, adaptive sparse representations are typically 
trained by K-SVD and the state-of-the-art image quality is achieved in image 
reconstruction. However, this method is time consuming due to the slow training 
process. In this paper, we introduce a fast dictionary learning method, which is 
essentially an adaptive tight frame construction, into magnetic resonance image 
reconstruction. To enhance the sparsity, images are divided into classified patches 
according to the same geometrical directions and the dictionary is trained within each 
class. We propose a sparse reconstruction model with the multi-class dictionaries and 
solve the problem with alternative direction multiplier method. Experiments on real 
magnetic resonance imaging data demonstrate that the proposed approach achieves the 
lowest reconstruction error compared with several state-of-the-art methods and the 
computation is much faster than previous dictionary learning methods. In addition, the 
proposed dictionary learning method is adopted as a sparse representation for salt-and-
pepper noise removal. Results demonstrate that the proposed method outperforms 
adaptive median filtering method and wavelet-based noise removal method in terms of 
removing noising and preserving image edges. 
 
Keywords: Compressed Sensing; Dictionary Learning; Magnetic Resonance 
Imaging; Salt-and-Pepper Noise 
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